. Here, cells of line 5-86, a subelone of line 745A, were seeded at a concentration of 105 cells per ml and maintained in Eagle's basal medium (GIBCO) supplemented with 10% fetal calfserum (Reheis, Kankankee, IL), penicillin (100 units/ml), and streptomycin (100 Ag/ml). Cultures were incubated at 37°C in 5% C02/95% air. Viability was determined by the trypan blue exclusion assay, and assays for mycoplasma were negative. To induce differentiation, Me2SO (1.5-2%) was added to the cultures at the time of seeding. The number of cells synthesizing hemoglobin in each culture was determined by benzidine staining (12). For light and electron microscopy, cells were processed as indicated (13).
ABSTRACT Cultures ofmurine Friend erythroleukemia (FL) cells, which are chronically infected with leukemia virus, were inoculated with vaccinia virus. The yield of vaccinia virus was determined by assaying plaque-forming units in mouse L2 cells, and the yield of leukemia virus was determined by measuring reverse transcriptase (RNA-dependent DNA nucleotidyltransferase) activity released into the culture fluid. Although no facilitation of one virus by the other was detected, persistently infected cultures were established. Electron microscopic examination revealed the presence of vaccinia and leukemia viruses in the same cell. The permanent lines of cells persistently infected with vaccinia were designated FLvac Their morphology, growth rate, cloning efficiency, and ability to respond to the induction of erythrodifferentiation by treatment with dimethyl sulfoxide were not appreciably altered as compared to the parental FL cells. However, the persistently infected cells showed a marked decrease in tumorigenicity when assayed in DBA/2 mice. The infectious virus produced by FLvac cells and by L2 cells were indistinguishable as judged by restriction endonuclease patterns of virion DNA, structural proteins, and the activities of two virion-associated DNases.
The yield of infectious vaccinia virus from FLvac cells generally declined after about 60 serial passages. Although some cell lines no longer yield infectious virus, they are resistant to challenge with vaccinia at concentrations that are cytolytic for L2 cells. The mechanism responsible for the establishment of the persistent infection remains unclear because defective particles, interferon production, and temperature-sensitive mutants have not been detected.
The mechanism whereby viruses may continue to multiply without destroying the cells they infect is not clear. Such persistent infections can be established in vitro bv most animal viruses, including those that are generally highly cytolytic and have been implicated in the pathogenesis of chronic and recurrent diseases (1) (2) (3) (11) . Here, cells of line 5-86, a subelone of line 745A, were seeded at a concentration of 105 cells per ml and maintained in Eagle's basal medium (GIBCO) supplemented with 10% fetal calfserum (Reheis, Kankankee, IL), penicillin (100 units/ml), and streptomycin (100 Ag/ml). Cultures were incubated at 37°C in 5% C02/95% air. Viability was determined by the trypan blue exclusion assay, and assays for mycoplasma were negative. To induce differentiation, Me2SO (1.5-2%) was added to the cultures at the time of seeding. The number of cells synthesizing hemoglobin in each culture was determined by benzidine staining (12) . For light and electron microscopy, cells were processed as indicated (13) .
The amount of FLV released into the culture medium bv the chronically infected line 5-86 was measured by assaving the reverse transcriptase activity released into the cellular fluid. The enzymatic activity was quantitated by incorporation of [3H]thymidine monophosphate into acid-soluble material using poly(rA.dT) as template primer under the conditions as described (14) . To assay for tumor production, 1 x 10-6 cells of each line to be tested were inoculated subcutaneously into 10 syngeneic DBA/2 mice.
The IHD strain of vaccinia virus and mouse L2 cells were used in accordance with described procedures (15) . Vaccinia virus infectivity was determined by plaque-forming units (pfu) in L2 cells (15) . Denaturation of the virus by UV radiation was performed as described by Dales and Kajioka (16) and resulted in a decrease of the infectivitv titer by 3 orders of magnitude.
To initiate viral infection in FL cells, 5 X 106 cells were resuspended in 1.0 ml of tissue culture medium and adsorbed with 0.5-1.0 plaque-forming unit (pfu) per cell of vaccinia virus for 1 hr at 4°C in a roller tube. UV-inactivated virus was used as indicated in the text. After the unadsorbed virus was removed by centrifugation at 800 x g for 20 min, the cell pellet was resuspended in fresh medium, and the cultures were seeded at Abbreviations: FL cells, Friend The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. § 1734 solely to indicate this fact. a density of 1 x 105 cells per ml in 50-mm Petri dishes.
Vaccinia labeled with thymidine was prepared and purified as described (17, 18) . The presence ofdefective interfering particles in the vaccinia population harvested from the persistently infected FL cells was assayed by the procedure described by Norkin (19) .
Cell Fractionation. Generally, 5 X 107 FL cells were resuspended in 1.0 ml of 0.1 M Tris-HCl buffer, pH 7.8/10 mM KCVl1 mM EDTA/0. 1% Nonidet P-40, incubated at 40C for 10 min, and disrupted with a Dounce homogenizer; the cell homogenate was centrifuged at 800 x g for 2 min to sediment the nuclear fraction. Aliquots of both nuclear and cytoplasmic fractions were used to measure incorporation of [3H]thymidine when nuclear or viral DNA synthesis was studied (20) .
Analysis of Vaccinia Virus DNA by Restriction Endonucleases. Conditions for the extraction of vaccinia DNA, digestion with restriction enzymes, and separation of the restriction fragments by agarose gel electrophoresis have been described (18) .
Polyacrylamide Gel Electrophoresis. Purified vaccinia virus produced by L2 or FL cells was resuspended in 0.01 M Tris HCl, pH 7.5/0.1% sodium dodecyl sulfate/0.05% 2-mercaptoethanol, heated at 100°C for 5 min, and electrophoresed on 10% polyacrylamide cylindrical gels for 3 hr at 100 V. Gels were stained with 0.25% Coomassie blue and destained with 7% acetic acid.
RESULTS
Infection of FL Cells with Vaccinia. The cultures were infected with 1.0 pfu/ml in order to test the ability of FL cells to support the growth of vaccinia. Some of the cultures were kept for observation, and others were labeled with [3H]thymidine to ascertain viral DNA replication. Incorporation into the cytoplasmic and nuclear fractions in control and vaccinia-infected FL cells was compared. In the vaccinia-infected cultures, incorporation into the cytoplasm of the cells was enhanced 3-fold over that ofthe FL control cells, whereas the incorporation into the nuclear fraction was depressed by 60% (Table 1) . These results clearly showed that vaccinia DNA synthesis had occurred in the cytoplasm ofFL cells and that infection had inhibited host DNA synthesis.
Establishment of FL Cells Persistently Infected with Vaccinia. In the vaccinia-infected cultures that had been set aside, most of the cells were sensitive to the lytic effect of the virus. However, small clumps of two or more viable cells could be observed (Fig. 1) , and these cells were capable ofproliferating. By the 4th day, the cultures appeared to be actively growing. Fresh medium was added twice a week until there were sufficient cells to split the cultures. After a critical period of recovery, generally lasting for 2-3 wk, the cells were serially passaged twice each week. In subsequent experiments, persistent infections could be established readily within 1 wk by using either UV-inactivated vaccinia or reducing the multiplicity of infection. The persistently infected lines were designated FLvac cells.
The effect on FL cells of vaccinia virus primary infection is shown in Fig. 2 . As compared to the control values ( Fig. 2A) , both cell growth and replication of FLV as measured by reverse transcriptase activity were reduced approximately 40% and 17%, respectively (Fig. 2B) . This was to be expected because vaccinia infection is known to shut off cellular metabolism (21) and retroviruses require actively proliferating cells to replicate (22) . On the other hand, there was a gradual increase in vaccinia infectivity from 0.5 to 2 pfu per cell by day 4 shows the results of the study carried out on FL,,aC cells of passage 40 which produced 1 (Fig. 6) . Furthermore, the structural proteins, as analyzed by polyacrylamide gel electrophoresis, were similar, as were the activities of two virion-associated DNases (24) (data not shown). Anti-vaccinia antiserum 100 600
Anti-FLV antiserum 1 4 Rabbit preimmune serum 1 9 Mice preimmune serum 1 4 Virus preparations were incubated with 1:20 dilutions of the antisera and preimmune sera for 1 hr at 370C and then assayed for infectivity.
Shope fibroma virus is the only poxvirus that has been reported thus far to be capable of establishing permanent infections (7, 25) .
FL,., cells possess properties similar to those of the parental FL cells in regard to the characteristic patterns ofgrowth, cloning efficiency, and ability to respond to the induction of erythrodifferentiation by Me2SO. However, they show reduced capacity to produce tumors in the isogenic DBA/2 mice. It should be noted that FL cells persistently infected with polyoma virus also retain some of their original characteristics (26) .
The yield of infectious vaccinia virus in FLva: cell lines originating from different experiments followed similar patterns. Although the yield of infectious particles dropped significantly as the number of serial passages increased, the cells remained resistant to superinfection with vaccinia. The resistance did not appear to be due to failure of the cells to adsorb virus, as suggested by the increased titer at the 24-hr point (Fig. 5) Table 2 ), a band with the density of the vaccinia obtained on tartrate density gradients of the cell homogenate was evidence that virus was being produced (data not shown). Electron microscopic examination of this band revealed the presence of typical vaccinia virus particles. Further study may reveal the significance of these particles. The major mechanisms known to be involved in the establishment of the persistent state with nononcogenic viruses are mainly concerned with the virus itself-i.e., (i) generation of defective interfering particles, (ii) generation of temperaturesensitive mutants, or (iii) interferon production. However, these mechanisms do not appear to play a role in the maintenance of persistent vaccinia infection in FL cells because (i) interference assays were negative, (ii) studies on the characterization of the produced virus indicated no main changes in the phenotype, and (iii) no interferon production was detected.
The possibility that interaction with an endogenous or exogenous RNA virus provides the condition(s) that permit vaccinia to establish persistent infections also has been considered. However, this seems unlikely because L2 cells, 3T3 cells, or FL virus-infected 3T3 cells, inoculated with vaccinia under the same conditions as those described here for FL cells, resulted in cytolysis (data not shown). Moreover, facilitation of the growth of the retrovirus by the poxvirus was not observed, as has been described for other RNA viruses (7) (8) (9) (10) . It would seem that the viruses accommodate each other by the mutual reduction in their synthesizing capacities, resulting in yields below those obtained when each is propagated alone.
Host cells also may play a role since persistent infections with reovirus were readily established in mutant L2 cells (27) . In persistent infection with measles, the virus genome is found only in specific cells-i. e., those of the central nervous system or lymphoid tissues or both (28) . However, in acute infection, a variety of cells may be infected (29) . In addition, changes in the physiology of the host cells have been implicated in the production of defective measles virus (30 fections. They will be useful in studying the regulation ofgrowth of malignant cells and for marker rescue experiments.
